Background: Acquisition of negative resection margins is paramount in the surgical management of operable breast cancer. Management of positive margins following mastectomy and immediate breast reconstruction is presently poorly defined. Objectives: The present study aims at defining morbidity and cosmetic sequela of re-excision procedures aimed at clearing involved mastectomy margins in the setting of immediate autologous breast reconstruction. Oncologic outcomes are recorded. Methods: A retrospective study of patients that underwent skin-sparing mastectomy followed by immediate deep inferior epigastric perforator flap breast reconstruction was performed. Patients found to have positive mastectomy margins underwent margin re-excision during a separate procedure. Method of positive margin exposure and resection is described. Flap morbidity and cosmetic outcome following margin re-excision was compared between reconstructed breasts that underwent re-excision vs those reconstructed after prophylactic mastectomy (controls). Cancer recurrence was recorded during the follow-up period. Results: Thirty-six (2.5%) out of 1443 patients were found to have positive mastectomy margins following immediate breast reconstruction between May 2007 and November 2012. Location of positive margins was evenly distributed in all breast regions. Although flap morbidity was similar, a trend (P > 0.05) toward higher seroma formation and fat necrosis was reported in breasts following re-excision vs controls. With a mean follow-up period of 28 months, cosmetic outcome between breasts that underwent re-excision vs controls were similar. Cancer recurrence was reported in 3 (8.3%) patients. Conclusions: Re-excision of positive mastectomy margins following immediate autologous breast reconstruction requires a multidisciplinary approach and may be performed with minimal additional morbidity while preserving optimal cosmetic outcome.
and 45%. [1] [2] [3] [4] Surprisingly, the prevalence of positive margins following mastectomy, where complete glandular excision is performed, has also been reported between 2.5% and 14%. [5] [6] [7] [8] [9] A positive surgical margin is widely accepted as an independent risk factor for locoregional cancer recurrence among patients undergoing either breast conservation surgery 1, 10 or mastectomy. 5, 10 While re-excision of positive lumpectomy margins is a broadly accepted practice, management of positive margins following mastectomy remains an area of active research. 11, 12 While skin-sparing mastectomy may optimize cosmetic outcome in the setting of breast reconstruction, margin involvement with invasive or in situ disease may be increased. 13 In the setting of immediate breast reconstruction, management of positive mastectomy margins remains a subject of debate. When margin positivity is detected following mastectomy and immediate reconstruction, proposed management options include: close observation, 6, 11, 12 postmastectomy radiation, or margin re-excision. In order to eliminate the need for external beam radiation and associated complications in conjunction with immediate postmastectomy reconstruction, [14] [15] [16] [17] [18] positive margin re-excision is the most attractive option for the reconstructive surgeon. As such, operative morbidity, cosmetic sequela, and oncologic outcomes associated with positive margin re-excision following immediate autologous breast reconstruction requires further investigation. Not only is a detailed description of the preferred method of positive margin re-excision reviewed in the current study, but also efficacy of margin re-excision, procedural-associated morbidity, and influence on final cosmetic outcome is evaluated. Authors deny any conflict of interest or disclosures to report.
METHODS
A retrospective review was conducted after institutional review board approval (University of Texas Health Science Center San Antonio) among 1443 consecutive patients with breast cancer or ductal carcinoma in situ (DCIS) undergoing skin-sparing mastectomy and immediate deep inferior epigastric perforator (DIEP) flap reconstruction by 6 microsurgeons (Plastic Reconstructive & Microsurgical Associates Plastic Surgery) from May 2007 to November 2012. Patients with pathologic findings of residual cancer and/or DCIS by permanent section at the mastectomy margin (positive margin) were identified and comprised the study population. All the patients in the study population underwent skin sparing (nonnipple sparing) mastectomy by 15 unique general surgeons prior to reconstruction. Patient demographics, past medical history, body mass index (BMI), and neoadjuvant therapies were obtained from medical records. A positive margin was defined as invasive or in situ disease at an inked resection margin. Type of invasive or in situ disease, location of lesion(s) within the mastectomy specimen, tumor characteristics, pathologic prognostic factors, and axillary lymph node involvement were recorded from pathologic documents.
Patients underwent re-excision of involved mastectomy margins during a separate procedure coordinated with the corresponding breast surgeon. Intraoperatively, the location of the involved margin was reviewed using the pathologic reports and verified directly by the pathologist of record. Exposure of the involved margin was obtained by incising the periphery of the DIEP flap skin island and elevating mastectomy skin flaps off the de-epithelialized DIEP flap dermal plane. Undermining of mastectomy flaps was advanced toward the location of the positive margin. After wide exposure of the area containing the positive margin was achieved, the mastectomy flap was thinned of any subcutaneous tissue deep to the dermis. In cases where positive margins were located on the deep surface of the mastectomy site, the pectoralis/serratus fascia and any residual overlying breast tissue was resected. For superficial or deep mastectomy site positive margins, a portion of the DIEP flap abutting the positive margin was also resected. Following positive margin resection, mastectomy flaps were redraped over the underlying DIEP flap with reinsetting of the skin island in its previous location. Excision of mastectomy flap skin was not required in any of the study cases.
Re-excision specimens were examined by permanent section and compared to the initial mastectomy pathologic report. Identification of residual disease and acquisition of negative margins following re-excision was defined in this study as a "cleared" margin. Alternatively, patients with no residual invasive or in situ disease within the re-excision specimen or persistent positive From a prospectively kept database, DIEP flap morbidity pre-and postmargin re-excision was recorded and compared to the prophylactic contralateral reconstructed breast, if applicable. After planned nipple reconstruction and fat grafting, if necessary, long-term (mean follow up, 28 months) cosmetic sequela of margin re-excision was evaluated by a panel of 11 blinded board-certified plastic surgeons not involved in study patient care. Cosmetic outcome was scored for each individual reconstructed breast on a 1 to 5 Likert scale, with 1 representing unacceptable and 5 representing excellent cosmetic outcome. Relative effect of re-excision procedures was quantified by evaluating only patients that underwent bilateral reconstruction such that each patient served as her own control. The cosmetic outcome of the prophylactic contralateral reconstructed breast was compared to the corresponding breast that underwent margin re-excision.
Selection bias for entry in the study was eliminated by including all patients with positive mastectomy margins in the setting of immediate breast reconstruction during the study period. Potential biases in comparison of outcomes were minimized by designing 2 separate analyzes. First, the effects of re-excision procedures on DIEP flap morbidity and cosmetic outcome were analyzed by comparing the reconstructed breast that underwent re-excision with the contralateral breast that also underwent reconstruction without re-excision. By recording flap morbidity prospectively and using each individual patient as its own control, including blinded comparison of cosmetic outcome, minimized confounding patient variables and observer bias, respectively. Second, oncologic outcomes were compared between patients that were able to achieve a "clear" margin vs those designated as "margin unclear" as defined by the study.
The statistical significance of associations between categorical variables were assessed using Pearson's chi-square test or Fishers exact test, as appropriate. Group contrasts with regard to continuously distributed outcomes were carried out with the nonparametric Kruskal-Wallis test. The relation between the occurrence of paired flap complications (yes, no) and intervention (re-excision, control) was assessed with a generalized estimating equation model with a logit link adjusted for correlations introduced by bilateral reconstructions. Long-term cosmetic outcome was determined by calculating the difference between cosmetic scores (1-5) among breasts that underwent re-excision vs individual controls in order to correct for confounding patient variables. Cosmetic outcomes between breasts with re-excision and controls (with no re-excision) were compared using the Wilcoxon signed rank test. All statistical testing was two sided with a significance level of 5% and SAS Version 9.3 (SAS Institute, Cary, NC) was used throughout.
RESULTS
Following skin-sparing mastectomy and immediate DIEP reconstruction, positive mastectomy margins with invasive and/or in situ disease were identified in 36 (2.5%) out of 1443 patients. Mean patient age was 49 years (range, 35-69 years) and the average BMI was 28 kg/m 2 (range, 19-40 kg/m 2 ). Average follow up for the study population following planned nipple reconstruction and revision was greater than 2 years (mean, 28 months; range, 1.6-59.7 months) ( Table 1) . Hypertension was the most frequently reported (25%) medical comorbidity with active tobacco use reported in 4 (11%) patients (Table 1) .
Invasive ductal carcinoma and DCIS were the most frequent indications for skin-sparing mastectomy (67% and 78%, respectively) ( Table 2 ). Lesions located in more than one quadrant (multicentric) were identified preoperatively in 14 (39%) patients with the remainder located in the central breast area or in individual quadrants (Table 3) . Oncologic and histologic characteristics of resected lesions are presented in Table 4 . Positive margins were most commonly identified on the mastectomy flaps of the upper and lower outer quadrants, in 8 patients (22%) and 7 patients (19%), respectively. Positive deep margins were seen infrequently and occurred in only 4 (11%) of patients ( Table 5 ). The prevalence of positive margins was distributed evenly throughout all BMI groups. Mastectomy specimen margins contained DCIS in 20 patients (55%) within the study population, while invasive ductal carcinoma was present in 14 (39%) patients. Four patients had both invasive ductal carcinoma and DCIS present at the mastectomy margin (Table 6) .
A total of 66 DIEP flaps were performed on the study population. Bilateral breast reconstruction was performed on 30 (83%) patients within the study population, while 6 (17%) patients had only the oncologically affected breast reconstructed. Following reconstruction, average number of days to re-excision of positive margins was 28 (range, 7-40 days) with 89% of patients undergoing only one re-excision procedure. After permanent section evaluation, 19 (53%) re-excision specimens did not contain any residual invasive or in situ disease within the re-excision specimen (Table 7) . Residual invasive or in situ lesions were identified within 17 (47%) re-excision specimens (Table 7) with acquisition of negative margins (clear margin) in 13 patients (Table 8) . Persistent positive margins were present in four patients due to extensive multicentric disease despite repeated attempts at re-excision. These 4 patients with persistent disease at the surgical margin as well as those patients that underwent re-excision with negative results were designated as "margin unclear" as per our study criteria (Table 8) . Ability in obtaining "clear" margins after attempt(s) at re-excision was similar regardless of the type of lesion identified at the margin of the original mastectomy specimen (Table 8 ). Three patients with only DCIS identified at the original mastectomy specimen margin were found to have invasive ductal carcinoma within the re-excision specimen (Table 9) . Following re-excision, 17 patients (47%) among the study population received adjuvant chemotherapy with 7 (19%) patients requiring postreconstruction radiation based on persistent positive margins, NCCN guidelines 19 for tumor, nodal stage, and lymphovascular invasion (Table 10) . DIEP flap complications were recorded and compared between those breasts that underwent a re-excision procedure and the contralateral breast that underwent prophylactic mastectomy and reconstruction without re-excision. The breasts (n = 36) of patients with re-excision did not differ significantly with the breasts (n = 30) of patients with no re-excision with regard to any of 7 types of flap complications (Table 11) , although the re-excised breasts exhibited a numerically higher prevalence of delayed wound healing, clinically detected fat necrosis, and seroma.
Long-term (mean follow up, 28 months) cosmetic outcome was determined by evaluating patients that underwent bilateral reconstruction (30 out of 36 patients) and calculating the difference between cosmetic scores (1-5) among breasts that underwent re-excision vs corresponding controls in order to correct for confounding patient variables ( Figures  1-2 ). Re-excised breasts (n = 30) did not differ significantly from non-re-excised control breasts (n = 30) with regard to the mean (SD) breast cosmetic outcome score (Table 12) . With an average follow up of greater than 2 years (28 months; range, 1.6-59.7 months) following breast revision and nipple reconstruction among the study population, locoregional recurrence was diagnosed in 2 (5.7%) patients, while systemic failure was seen in only 1 (2.9%) patient. The breasts (n = 22) of patients whose margins were cleared were not significantly different from the breasts (n = 13) of patients whose margins were not cleared with regard to locoregional recurrence or systemic failure (Table 13) .
DISCUSSION
Local control of operable breast cancer is dependent on obtaining a negative margin of resection during extirpative procedures. The near-complete removal of breast glandular parenchyma afforded by a mastectomy minimizes, but does not eliminate, the possibility of margin involvement. As previously reported, women with an advanced tumor burden and/or multicentric disease are at an increased risk of positive margins following mastectomy for breast carcinoma. 13, 20 In the current study, positive margins following skin-sparing mastectomy were identified in 2.5% of cases, consistent with previous series. [5] [6] [7] [8] [9] 13 As an independent risk factor for not only locoregional recurrence, but also systemic failure, 5,9-11,21,22 positive margins of resection following mastectomy must be addressed decisively. In cases in which immediate breast reconstructions have been performed, surgical eradication of positive margins may be performed, but lacks thorough description in the literature. As the first investigation of its kind, the current study details the surgical approach to and efficacy of positive margin eradication following immediate autologous breast reconstruction as well as its associated morbidity and long-term cosmetic sequelae.
Margin Re-Excision
In patients found to have positive mastectomy margins after immediate breast reconstruction, a multidisciplinary approach is encouraged in order to optimize appropriate treatment. In our practice, margin re-excision is pursued, even in patients with locally advanced disease that meet criteria for postmastectomy radiation by NCCN standards 19 in order to maximally decrease the risk of recurrence by eradicating any gross residual disease. When margin re-excision is undertaken, collaboration between the corresponding plastic surgeon, breast surgeon, and pathologist familiar with the case is paramount. Reoperation must be pursued in a timely manner making identification of the plane between the mastectomy flaps and underlying autologous flap more readily visible and easy to separate. It is the opinion of the authors that re-excision procedures are best performed between 2 to 4 weeks following autologous reconstruction. Allowing sufficient time for the abdominal free flap to adequately adhere to the mastectomy skin envelope minimizes undesired undermining in areas of the breast remote from the exposure area required for margin re-excision potentially minimizing seroma formation. In our experience, thinning the involved mastectomy flap of additional subcutaneous tissue at the area of the previous positive margin did not result in areas of mastectomy flap necrosis. In the current study, mastectomy site positive margin location was similar between all mastectomy regions. In addition, BMI was not identified as a significant factor affecting the prevalence of positive mastectomy margins. Following re-excision, residual invasive or in situ disease was identified in 17 (47%) patients. However, similar to previous findings, 20 approximately half (53%) of re-excision specimens contained no residual invasive or in situ disease ( Table 7) . The oncologic significance of this phenomenon is difficult to determine as these negative re-excisions may represent either a false positive postmastectomy pathologic report or miscalculation of the location of the positive margin at time of re-excision.
In an attempt to elucidate this issue further in a retrospective manner, the current study performed a subset analysis where patients were classified as "margin clear" only if residual disease was identified and novel negative margins were obtained following re-excision. In patients where residual invasive or in situ disease was identified at the re-excision specimen but persistent positive margins were present, repeat attempts at re-excision was performed. Patients were classified as "margin unclear" if persistent positive margins were present or no residual disease was identified within the re-excision specimen (negative re-excision). Negative re-excision patients did not undergo further attempts at margin clearance based on multidisciplinary tumor board recommendations but were classified as "margin unclear" in this subset analysis since the true margin status was not definitively known. Patients were considered for adjuvant external beam radiation based on persistent positive margins, NCCN tumor, nodal stage, and lymphovascular invasion criteria. 19 With an average follow up of 28 months, patients that were classified as "margin clear" experienced a similar incidence of locoregional recurrence and systemic failure vs patients classified as "margin unclear" (Table 13) .
A significant limitation of the current study is the lack of lengthy follow up (28 months) making oncologic outcomes difficult to interpret definitively. Previous studies, however, evaluating the effect of margin status on recurrence among mastectomy patients report recurrence to be concentrated within 2 to 3 years following mastectomy. Freedman et al 11 analyzed the incidence of recurrence following mastectomy with close or positive margins. With 5-and 8-year cumulative incidence of chest wall recurrence of 9% and 18%, respectively, all recurrences (5 patients) occurred within 26 months following surgery. 11 Separately, Truong et al 6 reported an all-site recurrence rate of 19.5% with a median time to recurrence of 2.6 years among patients with positive mastectomy margins not receiving adjuvant radiation. Similarly, Hastings et al 23 reported a median time to recurrence among early stage breast cancer patients (without adjuvant radiation therapy) of 2.5 years. In the setting of immediate breast reconstruction, as in our study, Vaughan et al 8 reported cases of recurrence to be concentrated within 2.5 years of surgery. In that study, the majority (73%; 8/11) of recurrences were identified within 30 months of surgery with nearly half (45% (5/11) of patients) detected in within 12 months. Based on the early incidence of recurrence reported in these previous studies, 28-month follow up would likely be sufficient to detect a noticeable difference in our subset analysis. Moreover, the reported decreased prevalence of recurrence (8%) following positive margin re-excision in our study compared to those previously reported that did not undergo re-excision or 6, 11 implies clinically significant benefit of re-excision in such a high-risk population. When comparing lesions found on re-excision with those of the original mastectomy report (Table 9 ), 3 patients that had only DCIS at the mastectomy margin were found to have invasive ductal carcinoma at re-excision. This significant finding suggests margin re-excision for DCIS is clearly warranted and may be the etiology behind the invasive nature of local recurrences following mastectomy for DCIS previously reported. 9, 12, [24] [25] [26] 
Flap Morbidity
DIEP flap morbidity has previously been reported thoroughly in the literature. 27 However, in the current study, in order to most accurately determine the effects of the re-excision procedure on flap site complications, comparison was made between the breasts that underwent re-excision vs the contralateral breasts that did not undergo re-excision correcting for any unforeseen confounding factors (Table 11 ). The authors believe this is a more accurate analysis than evaluating flap morbidity within a single breast pre-and post-re-excision as this will give results difficult to isolate as a consequence of the original reconstruction vs secondary to the re-excision procedure. The prevalence of individual complications did not significantly differ between both groups of breasts although certain trends were identified. Clinically detected fat necrosis was reported twice as often in breasts following margin re-excision (22% vs 10%). The etiology of this finding is difficult to determine due to the retrospective nature of the current study. Certainly, a bias toward more extensive physical examination on the breast that underwent positive margin re-excision during postoperative surveillance may lead to higher rates of fat necrosis detection. In addition, some areas of flap firmness may be at least partially attributed to thermally injured areas within the DIEP flap caused during mastectomy skin flap reelevation as these were concentrated in areas of previous undermining. Similarly, due to the wide exposure required for margin re-excision, seroma formation was higher in breasts following re-excision compared to controls (14% vs 3.3%). It is now our standard practice to utilize aerosolized fibrin sealants and/or reinsertion of surgical drains during re-excision procedures. Nonetheless, the current series demonstrates an acceptable safety profile of margin re-excision evidenced by similar overall site-specific morbidity compared to the contralateral breast that did not undergo re-excision. Undoubtedly, the possible marginal increase in morbidity attributed to margin re-excision is superior vs the alternative which involves external beam radiation [15] [16] [17] [18] in patients with early stage breast cancer and/or DCIS. Margin re-excision was able to eliminate the need for external beam radiation in a vast majority (81%) of patients in the current study with the exception of higher stage cancer patients that would require external beam radiation regardless based on NCCN criteria.
Cosmetic Outcome
The cosmetic benefits of skin-sparing mastectomy and immediate autologous reconstruction are undeniable. Through re-excision of positive margins, the cosmetic advantage of immediate reconstruction may be maintained (Figures 1-2) . However, thinning of mastectomy skin flaps during margin re-excision could lead to contour irregularities detracting from the ultimate cosmetic outcome. In our series, this was not observed following margin re-excision with liberal utilization of fat grafting at the time of breast revision and nipple reconstruction. The long-term cosmetic sequela following margin re-excision was analyzed by comparing the oncologically affected breast with the contralateral breast reconstruction. Evaluating all bilateral reconstruction patients (n = 30), including 7 patients that required postreconstruction external beam radiation, blinded evaluators did not perceive significant differences between reconstructed breasts that underwent margin re-excision compared to those that did not (Table 12 ). This underscores the minimal, if any, detrimental long-term cosmetic effects of re-excision procedures, which facilitates patient counseling and reassurance.
CONCLUSION
Identification of positive postmastectomy margins in the setting of immediate breast reconstruction represents a therapeutic dilemma for both the oncologic and reconstructive surgeon. In order to minimize the necessity of postmastectomy radiation, margin re-excision is recommended with close collaboration with breast surgeons and pathologists. The findings of this study suggest margin re-excision may be performed safely with acceptable flap site morbidity while optimizing cosmetic outcomes.
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